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(57) ABSTRACT

A semiconductor structure is provided. The semiconductor
structure includes a first doped region, a second doped region,
afield oxide layer, a gate structure, and a metal layer. The first
doped region has a first type conductivity. The second doped
region is formed in the first doped region and has a second
type conductivity opposite to the first type conductivity. The
field oxide layer is located on the first doped region. The gate
structure includes a first gate portion and a second gate por-
tion which are separated from each other, wherein the second
gate portion is located on the field oxide layer and electrically
connected to a source end. The metal layer is located on the
gate structure and includes a first metal portion and a second
metal portion which are separated from each other.
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1
SEMICONDUCTOR STRUCTURE

BACKGROUND

1. Technical Field

The disclosure relates in general to a semiconductor struc-
ture, and more particularly to a semiconductor structure hav-
ing a stable threshold voltage.

2. Description of the Related Art

In the semiconductor technology, the feature size has been
reduced in the recent decades. In the meantime, the rate, the
efficiency, the density and the cost per integrated circuit unit
have been improved. For semiconductor elements operated
under high voltage or ultra-high voltage, such as metal oxide
semiconductors (MOSs), issues regarding electrical perfor-
mance usually arise while MOS transistors with reduced sizes
are operated under high voltage.

Therefore, researchers are working on providing stable
high voltage (HV) devices.

SUMMARY

The present disclosure relates to a semiconductor struc-
ture. In the embodiments, with the design of the gate structure
in the semiconductor structure, the semiconductor structure
has a stable threshold voltage.

According to an embodiment of the present disclosure, a
semiconductor structure is provided. The semiconductor
structure includes a first doped region, a second doped region,
afield oxide layer, a gate structure, and a metal layer. The first
doped region has a first type conductivity. The second doped
region is formed in the first doped region and has a second
type conductivity opposite to the first type conductivity. The
field oxide layer is located on the first doped region. The gate
structure includes a first gate portion and a second gate por-
tion which are separated from each other, wherein the second
gate portion is located on the field oxide layer and electrically
connected to a source end. The metal layer is located on the
gate structure and includes a first metal portion and a second
metal portion which are separated from each other.

According to another embodiment of the present disclo-
sure, a semiconductor structure is provided. The semiconduc-
tor structure includes a gate structure and a metal layer. The
gate structure includes a first gate portion and a second gate
portion separated from each other, wherein the first gate por-
tion and the second gate portion have ring structures, and the
first gate portion surrounds the second gate portion. The metal
layer is located on the gate structure and includes a first metal
portion and a second metal portion separated from each other,
wherein the second gate portion is electrically connected to a
source end through the second metal portion.

The disclosure will become apparent from the following
detailed description of the preferred but non-limiting embodi-
ments. The following description is made with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a top view of a semiconductor structure
according to an embodiment of the present disclosure;

FIG. 1B shows a partial top view of the semiconductor
structure in FIG. 1A;

FIG. 1C shows a cross-sectional view of the semiconductor
structure along the section line 1C-1C" in FIG. 1A;

FIGS. 2-4 illustrate a process for manufacturing a semi-
conductor structure according to an embodiment of the
present disclosure;
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2

FIG. 5A illustrates I-V curves of a semiconductor structure
according to a comparative embodiment of the present dis-
closure; and

FIG. 5B illustrates I-V curves of a semiconductor structure
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

According to the embodiments of the present disclosure, a
semiconductor structure is provided. In the embodiments,
with the design of the gate structure in the semiconductor
structure, the semiconductor structure has a stable threshold
voltage. However, the following embodiments are for the
purpose of elaboration only, not for limiting the scope of
protection of the invention. Besides, secondary elements are
omitted in the following embodiments to highlight the tech-
nical features of the invention.

Referring to FIGS. 1A-1C, FIG. 1A shows a top view of a
semiconductor structure 100 according to an embodiment of
the present disclosure, FIG. 1B shows a partial top view of the
semiconductor structure 100 in FIG. 1A, and FIG. 1C shows
a cross-sectional view of the semiconductor structure 100
along the section line 1C-1C" in FIG. 1A.

As shown in FIGS. 1A-1C, the semiconductor structure
100 includes a first doped region 12, a second doped region
130, a gate structure 140, a field oxide layer 150, and a metal
layer 160. The first doped region 120 has a first type conduc-
tivity. The second doped region 130 is formed in the first
dopedregion 120 and has a second type conductivity opposite
to the first type conductivity. The field oxide layer 150 is
located on the first doped region 120. The gate structure 140
includes a first gate portion 141 and a second gate portion 143
separated from each other, wherein the second gate portion
143 is located on the field oxide layer 150 and electrically
connected to a source end S. The metal layer 160 includes a
first metal portion 163 and a second metal portion 163 sepa-
rated from each other.

In the embodiment, with the design of the gate structure
140 in the semiconductor structure 100, wherein the first gate
portion 141 and the second gate portion 143 of the gate
structure 140 are separated from each other, and the second
gate portion 143 located on the field oxide layer 150 is elec-
trically connected to the source end S, such that the semicon-
ductor structure 100 can have a stable threshold voltage.

In the embodiment, as shown in FIG. 1A and FIG. 1C, the
second gate portion 143 of the gate structure 140 is electri-
cally connected to the source end S through the second metal
portion 163 of the metal layer 160.

In the embodiment, as shown in FIGS. 1A-1C, the second
metal portion 163 of the metal layer 160 further includes an
outer C shaped structure 163¢ and an inner ring structure
1634. The outer C shaped structure 163a and the inner ring
structure 1635 are commonly electrically connected to the
source end S. As shown in FIG. 1C, the second gate portion
143 of the gate structure 140 is electrically connected to the
inner ring structure 1635 of the second metal portion 163. In
other words, the second gate portion 143 of the gate structure
140 is in fact in direct contact with the inner ring structure
1635 of the second metal portion 163 of the metal layer 163,
and hence electrically connected to the source end S.

Inthe embodiment, as shown in FI1G. 1C, the drift region of
the semiconductor structure 100 is located in the first doped
region 120, and the field oxide layer 150 is located between
the drift region and the second gate portion 143 of the gate
structure 140.

Inthe embodiment, as shown in FIGS. 1A-1B, the first gate
portion 141 and the second gate portion 143 of the gate
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structure 140 both have ring structures, and the first gate
portion 141 surrounds the second gate portion 143.

In the embodiment, as shown in FIG. 1A and FIG. 1C, the
first gate portion 141 of the gate structure 140 is located on the
second doped region 130, and the first gate portion 141 is
electrically connected to a gate voltage source G.

In the embodiment, as shown in FIG. 1A and FIG. 1C, the
first gate portion 141 of the gate structure 140 is electrically
connected to the gate voltage source G through the first metal
portion 161 of the metal layer 160.

In the embodiment, as shown in FIGS. 1A-1C, the first
metal portion 161 of the metal layer 160 further includes a
first C shaped structure 161a. As shown in FIG. 1C, the first
gate portion 141 is electrically connected to the first C shaped
structure 161a of the first metal portion 161. In other words,
the first gate portion 141 of the gate structure 140 is in face in
direct contact with the first C shaped structure 161a of the first
metal portion 161 of the metal layer 160, and hence electri-
cally connected to the gate voltage source G.

In the embodiment, with the design of the gate structure
140 in the semiconductor structure 100, not only the second
gate portion 143 on the field oxide layer 150 is electrically
connected to the source end S, but the first gate portion 141 on
the second doped region 130 is also electrically connected to
the gate voltage source G. That is, the two separated portions
of the gate structure 140 are electrically connected to the
source end S and the gate voltage source G, respectively, such
that the semiconductor structure 100 can have a stable thresh-
old voltage.

Specifically speaking, in the semiconductor structure 100,
the electrical connection is achieved by the metal wires of the
single-layered metal layer 160. However, while the single-
layered metal layer is arranged together with a traditional gate
structure, a phenomenon similar to secondary conduction
may easily occur while a gate voltage is applied, such that the
threshold voltage may increase. According to the embodi-
ments of the present disclosure, with the design of the gate
structure 140 in the semiconductor structure 100, the two
separated portions of the gate structure 140 are connected to
the source end S and the gate voltage source G, respectively;
particularly, the first gate portion 141 located on the outer side
is electrically connected to the gate voltage source G, and the
second gate portion 143 located on the inner side is electri-
cally connected to the source end S. As such, the secondary
conduction may be prevented; accordingly, the threshold
voltage may be decreased, and the effects of the semiconduc-
tor structure 100 having a stable threshold voltage can be
achieved.

In the embodiment, as shown in FIGS. 1A-1C, the first gate
portion 141 of the gate structure 140 has a first width W1, the
second gate portion 143 of the gate structure 140 has second
width W2, and the first width W1 and the second width W2
may be the same or different.

In the embodiment, as shown in FIGS. 1A-1C, the first C
shaped structure 1614 of the first metal portion 161 is located
between the outer C shaped structure 163a and the inner ring
structure 1634 of the second metal portion 163.

In the embodiment, as shown in FIG. 1A, the first metal
portion 161 of the metal layer 160 further includes a second C
shaped structure 1615, and the second metal portion 163
surrounds the second C shaped structure 16156 of the first
metal portion 161.

In details, as shown in FIG. 1A, in the embodiment, the
inner ring structure 16356 of the second metal portion 163
surrounds the second C shaped structure 16156 of the first
metal portion 161.
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In the embodiment, the second C shaped structure 1615 of
the first metal portion 161 is surrounded by the inner ring
structure 1635 of the second metal portion 163, and the sec-
ond C shaped structure 1615 of the first metal portion 161 is
electrically connected to the first gate portion 141 of the gate
structure 140 as well. As a result, the first C shaped structure
161a together with the second C shaped structure 1615 of the
first metal portion 161 is arranged substantially along the
distribution of the first gate portion 141 of the gate structure
140. Therefore, while a gate voltage is applied, the conduc-
tion of all of the regions of the first gate portion 141 is
substantially uniform, and hence the switching speed of the
device of the semiconductor structure 100 can be increased.

In the embodiment, as shown in FIG. 1C, the semiconduc-
tor structure 100 can further includes a first doped electrode
region 171, a second doped electrode region 173, and a third
doped electrode region 175. The first doped electrode region
171 is formed in the first doped region 120. The second doped
electrode region 173 and the third doped electrode region 175
are formed in the second doped region 130. The second doped
electrode region 173 and the third doped electrode region 175
are electrically connected to the second metal portion 163 of
the metal layer 160.

In the embodiment, as shown in FIGS. 1A-1C, the metal
layer 160 further includes a third metal portion 165. The third
metal portion 165 is separated from the first metal portion 161
and the second metal portion 163. As shown in FIG. 1C, the
third metal portion 165 is electrically connected to the first
doped electrode region 171.

Inthe embodiment, as shown in FIGS. 1A-1C, the first gate
portion 141 and the second gate portion 143 of the gate
structure 140 are separated by a first distance D1, the first
metal portion 161 and the second metal portion 163 of the
metal layer 160 are separated by a second distance D2. The
first distance D1 is such as larger than or equal to the second
distance D2.

Specifically speaking, the second distance between the first
metal portion 161 and the second metal portion 163 may be
the second distance D2 between the first C shaped structure
161a of the first metal portion 161 and the inner ring structure
1635 of the second metal portion 163, and may be the second
distance D2' between the first C shaped structure 161a of the
first metal portion 161 and the outer C shaped structure 163a
of'the second metal portion 163. The first distance D1 is such
as larger than or equal to the second distance D2'. In the
embodiment, the second distance D2 and the second distance
D2' may be the same or different.

As shown in FIGS. 1B-1C, the semiconductor structure
100 can further includes a substrate 110, a third doped region
135, atop doped region 1914, adoped layer 1915, and a fourth
doped electrode region 177. The first doped region 120 and
the third doped region 135 are formed in the substrate 110.
The fourth doped electrode region 177 is formed in the third
doped region 135. The top doped region 1914 is formed in the
first doped region 120, and the doped layer 1915 is formed in
the top doped region 191a.

In the embodiment, the semiconductor structure 100 may
further include a dielectric layer 193, and the metal layer 160
may include a fourth metal portion 167. The metal layer 160
is electrically connected to the elements or doped regions
below the dielectric layer 193 through the contact holes
within the dielectric layer 193. The fourth metal portion 167
is electrically connected to the fourth doped electrode region
177.

In the embodiment, the first doped region 120 and the
doped layer 1915 have the first type conductivity of such as N
type conductivity. The first doped region 120 is such as a high
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voltage N well (HVNW), and the doped layer 1915 is such as
an N-grade implant. The substrate 110, the second doped
region 130, the third doped region 135, the third doped elec-
trode region 175, the fourth doped electrode region 177, and
the doped region 191a have the second type conductivity of
such as P type conductivity, which is opposite to the first type
conductivity. The substrate 1101s such as a P type substrate or
a P-epi.

In one embodiment, the semiconductor structure 100 is a
MOS device. In this case, the first doped electrode region 171
and the second doped electrode region 173 have the first type
conductivity, such as N type conductivity. The first doped
electrode region 171 is used as the drain, and the second
doped electrode region 173 is used as the source.

In another embodiment, the semiconductor structure 100 is
an IGBT device. In this case, the first doped electrode region
171 has the second type conductivity, such as P type conduc-
tivity. The second doped electrode region 173 has the first
type conductivity, such as N type conductivity. The first
doped electrode region 171 is used as the anode, and the
second doped electrode region 173 is used as the cathode.

FIGS. 2-4 illustrate a process for manufacturing a semi-
conductor structure 100 according to an embodiment of the
present disclosure.

As shown in FIG. 2, the substrate 110, such as bulk silicon
or a SOI, is provided. The first doped region 120 is formed in
the substrate 110. The second doped region 130 is formed in
the first doped region 120. The third doped region 135 is
formed in the substrate 110. In one embodiment, the first
doped region 120 has the first type conductivity of such as N
type conductivity, and the second doped region 130 and the
third doped region 135, both having the second type conduc-
tivity of such as P type conductivity, are simultaneously
formed by using the same mask. Next, the top doped region
191a is formed in the first doped region 120, and the doped
layer 1915 is formed in the top doped region 191q. In the
embodiment, the top doped region 1914 and the doped layer
1915 are respectively formed by using different masks.

As shown in FIG. 3, the field oxide layer 150 is formed on
the doped layer 1915. The field oxide layer 150 can further be
formed on the first doped region 120, and between the second
doped region 130 and the third doped region 135. The field
oxide layer 150 is not limited to a FOX as shown in FIG. 3.
The field oxide layer 150 may comprise other suitable dielec-
tric structures.

Next, as shown in FIG. 4, the gate structure 140 is formed
on the first doped region 120 and the second doped region
130. In the embodiment, the gate structure 140 may comprise
apolysilicon layer and a metal silicide layer, such as tungsten
silicide, formed on the polysilicon layer. The spacer of the
gate structure 140 may comprise silicon dioxide, such as
tetraethoxy silane (TEOS).

In the embodiment, the manufacturing method of the gate
structure 140 includes such as the following steps. A polysili-
con layer and a metal silicide layer are formed. And then, the
polysilicon layer and the metal silicide layer are patterned by
a mask etching process to form the first gate portion 141 and
the second gate portion 143 separated from each other. Next,
the spacers are formed on the sidewalls. As such, the gate
structure 140 as shown in FIG. 4 is formed. In the embodi-
ment, the above-mentioned gate structure 140 is formed in
one mask etching process.

Next, referring to FIGS. 1A-1C, the first doped electrode
region 171 is formed in the first doped region 120. The second
doped electrode region 173 and the third doped electrode
region 175 are formed in the second doped region 130. The
fourth doped electrode region 177 is formed in the third doped
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region 135. In the embodiment, the first doped electrode
region 171, the second doped electrode region 173, the third
doped electrode region 175, and the fourth doped electrode
region 177 are formed by a heavy doping.

Next, referring to FIGS. 1A-1C, the dielectric layer 193 is
formed on the substrate 110. The metal layer 160 is formed by
filling a conductive material into the openings (contact holes)
of'the dielectric layer 193 and then patterning the conductive
material. The metal layer 160 comprise such as W, Cu, Al, and
SO on.

FIG. 5A illustrates I-V curves of a semiconductor structure
according to a comparative embodiment of the present dis-
closure, and F1G. 5B illustrates I-V curves of a semiconductor
structure 100 according to an embodiment of the present
disclosure. In the embodiment, the semiconductor structure
100 can be applied fora HV, ultra-HV (such as 300V~1000V)
device, such as MOS, IGBT, and diode.

As shown in FIG. 5A, curve I-1 represents the [-V curve of
a semiconductor structure without the gate structure accord-
ing to the embodiments of the present disclosure, and curve
1-2 represents the linear differential curve of curve I-1. As
shown in FIG. 5B, curve II-1 represents the I-V curve of a
semiconductor structure 100 according to the embodiments
of the present disclosure, and curve I1-2 represents the linear
differential curve of curve II-1. As shown in FIG. 5A, in a
conventional semiconductor structure, which includes a
single-layered metal layer yet without the gate structure 140
as illustrated in the above-mentioned embodiments, the linear
differential curve (curve 1-2) of the I-V curve shows a hump
H from a secondary conduction, causing an increase of the
threshold voltage of up to about 1.73 V. In contrast, as shown
in FIG. 5B, according to the embodiments of the present
disclosure, the linear differential curve (curve II-2) of the -V
curve of the semiconductor structure 100 shows no hump, and
of which the threshold voltage is about 0.9 V.

In other words, according to the embodiments of the
present disclosure, with the design of the gate structure 140 in
the semiconductor structure 100, the secondary conduction
from applying a gate voltage can be prevented, and hence the
threshold voltage can be lowered; accordingly, the effects of
the semiconductor structure 100 having a stable threshold
voltage can be achieved.

While the disclosure has been described by way of example
and in terms of the exemplary embodiment(s), it is to be
understood that the disclosure is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

What is claimed is:

1. A semiconductor structure, comprising:

a first doped region having a first type conductivity;

a second doped region formed in the first doped region and
having a second type conductivity opposite to the first
type conductivity;

a field oxide layer located on the first doped region;

a gate structure, comprising a first gate portion and a sec-
ond gate portion separated from each other, wherein the
second gate portion is located on the field oxide layer
and electrically connected to a source end; and

a metal layer located on the gate structure, the metal layer
comprising a first metal portion and a second metal
portion separated from each other.

2. The semiconductor structure according to claim 1,

wherein the second gate portion is electrically connected to
the source end through the second metal portion.
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3. The semiconductor structure according to claim 1,
wherein the first gate portion is located on the second doped
region, and the first gate portion is electrically connected to a
gate voltage source.

4. The semiconductor structure according to claim 3,
wherein the first gate portion is electrically connected to the
gate voltage source through the first metal portion.

5. The semiconductor structure according to claim 1, fur-
ther comprising:

a drift region located in the first doped region, wherein the
field oxide layer is located between the second gate
portion and the drift region.

6. The semiconductor structure according to claim 1, fur-

ther comprising:

a first doped electrode region formed in the first doped
region; and

a second doped electrode region and a third doped elec-
trode region formed in the second doped region, wherein
the second doped electrode region and the third doped
electrode region are electrically connected to the second
metal portion.

7. The semiconductor structure according to claim 6,
wherein the metal layer further comprises a third metal por-
tion, and the third metal portion is separated from the first
metal portion and the second metal portion, wherein the third
metal portion is electrically connected to the first doped elec-
trode region.

8. The semiconductor structure according to claim 1,
wherein the first gate portion and the second gate portion are
separated by a first distance, the first metal portion and the
second metal portion are separated by a second distance, and
the first distance is larger than or equal to the second distance.

9. A semiconductor structure, comprising:

a gate structure, comprising a first gate portion and a sec-
ond gate portion separated from each other, wherein the
first gate portion and the second gate portion have ring
structures, and the first gate portion surrounds the sec-
ond gate portion; and

a metal layer located on the gate structure, the metal layer
comprising a first metal portion and a second metal
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portion separated from each other, wherein the second
gate portion is electrically connected to a source end
through the second metal portion.

10. The semiconductor structure according to claim 9,
wherein the first gate portion is electrically connected to a
gate voltage source through the first metal portion.

11. The semiconductor structure according to claim 9,
wherein the first metal portion comprises a first C shaped
structure.

12. The semiconductor structure according to claim 11,
wherein the second metal portion comprises an outer C
shaped structure and an inner ring structure, and the first C
shaped structure is located between the outer C shaped struc-
ture and the inner ring structure.

13. The semiconductor structure according to claim 9,
wherein the second metal portion comprises an outer C
shaped structure and an inner ring structure, wherein the outer
C shaped structure and the inner ring structure are commonly
electrically connected to the source end, and the second gate
portion is electrically connected to the inner ring structure.

14. The semiconductor structure according to claim 9,
wherein the first metal portion comprises a second C shaped
structure, and the second metal portion surrounds the second
C shaped structure.

15. The semiconductor structure according to claim 14,
wherein the second metal portion comprises an outer C
shaped structure and an inner ring structure, and the inner ring
structure surrounds the second C shaped structure.

16. The semiconductor structure according to claim 9,
wherein the first gate portion has a first width, the second gate
portion has a second width, and the first width and the second
width are the same or different.

17. The semiconductor structure according to claim 9,
wherein the first gate portion and the second gate portion are
separated by a first distance, and first metal portion and the
second metal portion are separated by a second distance, and
the first distance is larger than or equal to the second distance.
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